High performance centrifugal partition chromatography (HPCPC) was applied to the rapid isolation and purification of saponin glycosides in Asparagus racemosus Willd. root. A two-phase solvent system composed of CHCl 3 -MeOH-water (4:4:2, v/v) in descending mode was used for the separation, yielding shatavarin IX (1) and asparacoside (2) in one step. Asparanin A (3) and shatavarin V (4) were separated by repeated HPCPC fractionation using CH 2 Cl 2 -MeOH-water (4:4:2, v/v) as the solvent system, followed by either gel-filtration or TLC. Their structures were identified by NMR spectroscopy and ESI/MS. The A. racemosus extracts and 1, 2, 3 and 4 were cytotoxic towards human hepato-and prostate-carcinoma cell lines (IC 50 14-37 µM), while primary human fibroblasts were less vulnerable (IC 50 22-66 µM), i.e., every saponin glycoside showed selectivity towards carcinoma cells compared with normal fibroblasts. HPCPC has proven rapidity to separate complex mixtures of phytochemicals yielding quantities suited to biological studies.
Asparagus racemosus
Willd. or Shatavari (Asparagaceae family) is an important medicinal plant in Ayurvedic medicine. Shatavari roots are known as a tonic for woman [1] . A. racemosus has been reported to have phytoestrogenic [2] , galactogogue [3] , anti-fungal [4] , anti-oxidant [5a,5b] and anti-cancer activities [6] . Major active constituents of A. racemosus roots are saponin glycosides such as shatavarin I and IV [7] . Several papers have reported the separation of the saponin glycosides from A. racemosus roots by various chromatographic techniques with a solid sorbent [8a-8c] . However, these methods are time-consuming, labour-intensive and have low recovery. High performance centrifugal partition chromatography (HPCPC) was developed as a solid support-free liquid chromatographic system [9] . HPCPC increases sample recovery and eliminates peak tailing on solid supports [9] . Based on these two advantages, HPCPC has been successfully used for separating some bioactive saponins [10a-10c] .
Here, we aimed to isolate saponin glycosides from A. racemosus roots extract by HPCPC. Their cytotoxicities were tested for possible selective anti-cancer actions. For the first time, we showed that HPCPC efficiently isolated active components from A. racemosus and two compounds selectively killed hepatocarcinoma cells.
A two-phase solvent system for CPC separation was chosen based on partition coefficients (K values) of the target compounds. The appropriate range of K values is between 0.5-2 [11] . In addition, the ratio of two-phase solvent system should be "stable" during the run, which can be suggested from a settling time experiment. A settling time <20 s is preferred [11] . For the separation of saponin glycosides from A. racemosus roots extract, we found that CHCl 3 -MeOH-water (4:4:2, v/v) gave K values around 1 and settling times <20 s. Therefore, we used this system for the first separation step.
By using HPCPC, the separation of shatavarin IX and asparacoside from a saponin-enriched A. racemosus root extract was successfully and rapidly achieved in only one step. Subsequently, asparanin A and shatavarin V were obtained with HPCPC followed by other chromatographic techniques. The four isolated saponin glycosides shared the same aglycone (sarsasapogenin), but differed in their sugar moieties (Figure 1 ). Asparacoside has previously been reported in A. cochinchinensis [12] , but here, was isolated from A. racemosus for the first time. This study showed that HPCPC can isolate a series of closely related saponins whose physical properties differ only slightly by the sugar moiety. Most previous studies reported the preparative isolation of saponin glycosides from A. racemosus using preparative RP-HPLC [7, 13] , HPTLC [8a] or silica column chromatography [8b] . The limitations of these techniques are the low sample loading and adsorption of glycosides on the solid sorbents. This is the first time that asparacoside separation could be achieved in one step. Our studies demonstrated that HPCPC is useful as a rapid preparative method for separating saponin glycosides from A. racemosus. Figure 1 : Structures of shatavarin IX, asparacoside, asparanin A, shatavarin V and shatavarin IV, and glycoside substituents. A. racemosus root extracts were toxic towards HepG2 and LNCaP cells, and normal fibroblasts (Table 1) . A defatted ethanolic extract (7.4 ± 0.5% of saponins, by competitive enzyme-linked immunosorbent assay (competitive ELISA)), showed weak cytotoxicity towards all three cell types, while a saponin enriched extract (46 ± 2% of saponins) was more toxic, suggesting that saponin glycosides contribute substantially to the cytotoxicity.
NPC Natural Product Communications
We sought to discover compounds which were more toxic to carcinoma cells and least damaging to normal cells (fibroblasts). While all the purified saponin glycosides were toxic (IC 50s , 21.4 to 66.5 μM), the HepG2 and LNCaP cell lines were consistently more sensitive (IC 50s , 13.6 and 36.6 μM) than the fibroblasts, i.e., the selectivity indices were consistently >1. Asparacoside and asparanin A were the most potent and showed high selectivity against HepG2 cells, whereas only shatavarin V was more potent against LNCap cells compared with fibroblasts, i.e., it showed potency and selectivity.
The standard, shatavarin IV, was also tested even though it was not detected in extracts, but is a major compound of A. racemosus collected from India. It was also cytotoxic, as noted previously [7, 13] , but had the lowest selectivity of all the saponin glycosides. Asparanin A, in another study [14] , was slightly more potent and induced apoptosis through cell cycle arrest.
This study demonstrates how HPCPC can expand the scope of phytochemistry particularly for complex mixtures of difficult compounds such as saponin glycosides isolated from A. racemosus roots in rapid and high yielding steps. Its application to phytomedicine was demonstrated by the selective cytotoxicity of five saponin glycosides towards carcinoma cell lines.
Experimental
General experimental procedures: A SIC CPC240 HPCPC (System Instruments Co., Ltd., Japan) was used for isolations. The effluent was collected by a Foxy R1 fraction collector (Teledyne Isco, Inc., USA). All organic solvents used were either analytical or HPLC grade. Standard grade shatavarin IV was purchased from Natural Remedies Pvt. Ltd. (India). Saponin contents in A. racemosus extracts expressed as saponin equivalent to shatavarin IV were evaluated by competitive ELISA using monoclonal antibody (MAb) against shatavarin IV [15] . Saponins in extracts and fractions were detected by TLC (TLC silica gel 60 F254 plates, Merck, Germany) developed using ethyl acetate:MeOH:water (7.5:1.5:1 v/v) as the mobile phase. The saponin glycosides were visualized by dipping the plate in vanillin-sulfuric acid reagent and heated until a yellow colour appeared. Identification of isolated compounds was carried out by ESI-MS, 1 H NMR, 13 C NMR, and 2D-NMR. ESI-MS experiments were performed in a negative-ion mode using an ESI-QTOF LC/MS (Agilent Technologies) system. NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer at 25 ºC, using pyridine-d 5 .
Preparation of the A. racemosus extract:
A. racemosus roots were collected from Rayong Province, Thailand. A plant voucher specimen (Collection no. RKT 0005) is stored at the PBM herbarium, Faculty of Pharmacy, University of Mahidol, Bangkok, Thailand. Two different extracts were prepared as follows.
Defatted ethanolic extract:
Dried powdered roots of A. racemosus (100 g) were defatted by maceration with n-hexane for 3 days, then filtered. The residue was then macerated with 95% ethanol for 3 days, twice. The filtrates were pooled and concentrated under vacuum to give the defatted ethanolic extract (10.94 g).
Saponin enriched extract:
Powdered dry A. racemosus roots (100 g.) were extracted at room temperature (90% acetonitrile/water, 2000 mL), assisted by sonication (45 min), and then stirred overnight. The mixture was then filtered and the solvent removed under vacuum to give the saponin enriched extract (4.3 g.).
Measurement of partition coefficients and settling time:
The K values of the two-phase solvent systems were estimated by comparing the target compounds of the upper phase with that of the lower phase from each pair of corresponding spots in the TLC.
The settling time of the two-phase solvent system was expressed as the time required to form clear layers between the two phases when the phases were mixed in the ratio 1:1, v/v. The settling time is correlated with the retention of the stationary phase.
Preparative separation procedure by HPCPC: The two-phase solvent system composed of CHCl 3 -MeOH-water (4:4:2, v/v) and the second system composed of CH 2 Cl 2 -MeOH-water (4:4:2, v/v) was used for HPCPC separation. A. racemosus saponin enriched extract (2 g) was dissolved in 2 mL of each upper and lower phase prior to injection into the HPCPC.
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The HPCPC was first entirely filled with the upper phase as the stationary phase (rotation speed at 300 rpm, flow rate at 20.0 mL.min -1 ) and then the lower phase was pumped into the column using descending mode at a flow-rate of 1.5 mL.min -1 , and rotation speed of 800 rpm. After equilibration, the sample solution was injected and the fractions collected every 10 min. The HPCPC separation ran for 300 min. At the end of the separation, all solution was eluted. Fractions were pooled according to the TLC results and the solvent was evaporated at 45ºC under vacuum.
The HPCPC separation of A. racemosus saponin enriched extract (2.0 g) using CHCl 3 -MeOH-water (4:4:2 v/v) system yielded 1 (29.2 mg) in fractions 13-15 and 2 (6.7 mg) in fractions 17-18 after recrystallization from MeOH. Fractions 7-12 (75.0 mg) were successively fractionated again by HPCPC using CH 2 Cl 2 -MeOHwater (4:4:2 v/v) as the solvent system. After TLC determination, fractions 16-20 and 21-25 were pooled separately, dried, and named as F1 and F2. F1 (24.0 mg) was dissolved in 0.5 mL MeOH and loaded onto a Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Sweden) column using MeOH as the mobile phase. The fractions were collected every 10 mL and combined according to TLC. 3 (4.6 mg) was obtained from fractions 25-26. F2 (32.5 mg) was further purified by TLC. The sample was dissolved in MeOH and applied to the TLC plate and developed with the described mobile phase upward to 8 cm. 4 showed a band at R f 0.51. The TLC band was cut-out and extracted using CH 2 Cl 2 -MeOH (1:1 v/v) producing 4 (3.2 mg). 1-4 were isolated as amorphous white powders and were identified as shatavarin IX, asparacoside, asparanin A and shatavarin V by comparing their NMR spectroscopic and ESI/MS data with those previous reported [12-13,16a,16b] .
Human cell lines and cell cultures:
The human hepatocarcinoma cell line HepG2 (ATCC® HB8065™), prostatecarcinoma cell line LNCaP clone FGC (ATCC®CRL1740™), and normal human fibroblast cells (see below) were used for cytotoxicity testing. The HepG2 cell line was obtained from Asst. Prof. Dr Sakonwun Prapertbut, Faculty of Pharmaceutical Science, Naresuan University. The LNCaP cell line was purchased from American Type Culture Collection (ATCC), USA. Normal human fibroblast cells were isolated from foreskin. Human foreskins were obtained from 3 anonymous donors (ages 1-2 years) provided by Buddhachinaraj Hospital (Phitsanulok, Thailand). The protocol was approved by Naresuan University Institutional Review Board (Ethical approval No. HE-55-Ex-0134). All cells were cultured followed the ATCC protocols and maintained at 37°C in a 5% CO 2 atmosphere with 95% humidity.
Cytotoxic assay:
The MTT colorimetric assay [17] was conducted using Paclitaxel as the positive control. The cells were treated with tested compounds at various concentrations, for 24 h following by incubation with MTT solution (20 μL of 6 mg.mL -1 ) at 37°C for 4 h. Then, the treated cells were lysed with 200 μL.well -1 of 1:1 DMSO:MeOH. Absorbance was measured at 570 nm using a microplate reader. The IC 50 values were calculated using GraphPad Prism 5 software. The selectivity index (SI) was calculated from the IC 50 ratio of normal fibroblasts divided by that of cancerous cells (LNCaP, HepG2).
Statistics:
Results were expressed as mean ± S.D (Statistical significance was determined by using one-way ANOVA followed by Tukey's test at P<0.01 (Statistical Package of Social Sciences (SPSS) 16, SPSS Inc, Chicago, IL).
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